fernalis, liocephalus, loweryi, ophiurus, and taylori, with another suggested but not formally described (Smith, 1984) . Several workers have discussed differences in scalation, body proportions, and color pattern among these forms, but since 1900 this discussion has been restricted to the context of a single polytypic species. In this paper, I will discuss the history of intraspecific taxonomy in the broadly defined G. liocephalus in order to provide a background for the currently accepted specific and subspecific limits. I will then re-analyze the patterns of variation in scalation, morphometrics, and color pattern within and among the currently recognized subspecies, and provide evidence for the division of G. liocephalus into multiple species.
In discussing the results of this analysis, I will use the first six subspecies names listed above for ease of comparison with previous papers, although I will conclude later in the paper that some of them should be synonymized. The description of aguayoi (Contreras Arquieta, 1989 ) appeared only in an abstract from a scientific meeting and hence is of questionable validity. Because no type specimen was designated, the populations referable to it are unclear and I cannot include it in the character analysis below. I will refer to three unnamed western groups of populations as "western isolates" in presenting the results and then hypothesize possible species placement in the Discussion.
Intraspeciflc Taxonomy i n Gerrhonotus liocephalus (sensu lato)
In 1828, A. F. A. Wiegmann described six species of gerrhonotine lizards on the basis of a set of specimens collected by F. Deppe and donated to the Berlin Museum. Among the specimens described by Wiegmann was a single juvenile he named Gerrhonotus liocephalus. Wiegmann provided no type locality, although the holotype was clearly from Mexico (as suggested by its inclusion by Wiegmann, 1834, in his Herpetologia Mexicana) .
Soon after the appearance of Wiegmann's work, Peale and Green (1830) described Scincus ventralis from the "mining districts of Mexico." Peale and Green apparently were unaware of the description of G. liocephalus by Wiegmann and did not compare the two taxa. Wiegmann (1834) , however, recognized that his G. liocephalus was identical to S. ventralis. Because he decided that the name "liocephalus" ("smooth head") was appropriate for the juvenile he had originally described but not for adult specimens such as those examined by Peale and Green, Wiegmann (1834) changed the name of the species to G , tessellatus. This latter name was in common use (e.g., Cope, 1866 Cope, , 1878 Dumkril and Bibron, 1839; Dumkril and Dumbril, 1851; Gray, 1838 Gray, , 1845 O'Shaughnessy, 1873) until Bocourt (1878) resurrected liocephalus.
The first Texan specimen, from the canyon of the Devil's River, was described by Baird (1858) Bocourt (1878) and generally have been considered to be synonymous since that time, although certain American authors (e.g., Burt, 1935; Murray, 1939; Stejneger and Barbour, 1939; Strecker, 1926) pranasals, the presence of a long rather than broad frontonasal ("azygous prefrontal" in their terminology), the lack of contact between the frontal and the interparietal, and contact between the second primary temporal and the posterior lateral supraocular. They also reported that the number of transverse dorsal scale rows in austrinus is at the lower limit for liocephalus. Tihen (1954) and Smith and Alvarez del Toro (1963) Tihen also noted that contact of the second primary temporal with the supraoculars usually distinguishes loweryi from all three of these other subspecies (but not from the Chiapan form austrinus). Because of this hypothesized morphocline from infernalislophiurus to loweryi to liocephalus, Tihen decided that these forms are best recognized as subspecies of a single species. However, he pointed out that loweryi occurs geographically between infernalis and ophiurus rather than between infernalis/ ophiurus and liocephalus, and thereby tacitly hinted that this single species hypothesis might be oversimplified. Gerrhonotus 1. taylori was described from the vicinity of Santa Barbara, Chihuahua, by Tihen (1954) . Tihen saw taylori as most closely allied with infernalis, to which it is similar in all respects except in having an increased number of dorsal scale rows. The other major diagnostic feature of taylori, 14 rather than 12 longitudinal ventral scale rows, was uncommon but not unknown in the samples of infernalis available to Tihen; he cited a population from Alvarez, San Luis Potosi (population sample 6 in the analysis below), in which approximately 50% of the individuals showed this character. Of color pattern, Tihen (p. 10) stated that:
"The color pattern in these two specimens [the holotype and paratype of taylori] is almost certainly not the adult pattern, but differs somewhat from the pattern in any infernalis of comparable size. The proportion of "white" to dark brown in the dorsal cross bands is greater here than in comparable infernalis, and the ventral lines are more prominent, with less tendency to break down into a mottled pattern." Smith (1984) provided the most recent key to the subspecies of G, liocephalus and suggested that another should be erected for populations in Sinaloa and Durango. Smith incorporated most of the characters discussed by previous workers, and in addition pointed out that liocephalus has 14 longitudinal dorsal scale rows while all other forms have 16 or more.
Contreras Arquieta (1989) suggested that populations in the vicinity of Cuatro Ciknegas, Coahuila, should be considered to be a distinct subspecies (aguayoi) because they differ from infernalis in having a cantholoreal scale and in having dorsal crossbands with black margins and black flecks on the venter. His brief description appeared only in an abstract for a scientific meeting and no type specimen was designated.
In summary, seven subspecific names have been proposed for G. liocephalus (aguayoi, austrinus, infernalis, liocephalus, loweryi, ophiurus, and taylori), and the possibility of an eighth was suggested by Smith (1984) . The characters that have been discussed by the describers of these subspecies and in published keys to Gerrhonotus taxa (Smith, 1942; Smith and Taylor, 1950) are summarized in Table 1.
A total of 509 preserved specimens from 29 collections (listed in Acknowledgments) was examined (see Appendix I). Each specimen was coded for the characters listed in Table 1and differences in color pattern were noted. Sex was determined by the presence of testes or ovaries in specimens bearing the appropriate incision or by the presence or absence of hemipenes. Scale terminology follows Good (1988) .
To test for significant heterogeneity among samples in scale counts, ANOVA's were run using the Statview computer package. Post hoc Scheffi: F-tests were conducted to test for pairwise differences among samples for those characters that showed significant (P I0.05) heterogeneity.
Morphometric measurements were made to the nearest mm using either a ruler or digital calipers. A dissecting microscope was used for examination of small specimens. The following ten measurements were taken on each specimen, except where certain measurements were impossible due to damage: snout-vent length (hereafter abbreviated SVL), tail length, trunk length, trunk width, head length, head width, snout length, arm length, leg length, and longest hind toe length. Smith and Taylor (1950) ; Contreras Arquieta (1989) To eliminate the confounding effects of ontogenetic and sexual differentiation, the specimens were divided into three classes: juveniles (those less than 90 mm SVL), adult males (males greater than 90 mm SVL), and adult females (females greater than 90 mm SVL). The cutoff at 90 mm for juveniles vs, adults was chosen because at 90 mm males and females begin to diverge in certain characters, notably head width and length. Because of insufficient sample sizes for most populations, juveniles will not be discussed in this paper.
Most of the variance observed either among adult males or among adult females resulted from size variation within populations (e.g., SVL in adult males in this survey varied from 90 mm to 180 mm) and not from among-population variation. Two approaches were taken to try to minimize this effect. In both of these approaches, SVL was assumed to provide a reasonably accurate reflection of overall size.
The first of these approaches was a multivariate analysis in which each variable was first regressed against SVL and a covariance matrix of the resulting residuals was subjected to principal components analysis using the SAS computer package. Tail length was not considered because the majority of specimens lacked complete, unregenerated tails.
The second approach to examining morphometric differentiation was a simple univariate analysis in which each character was divided by SVL (to adjust for overall size) for adult males and adult females. Because ratios cannot be assumed to be normally distributed, a nonparametric Kruskal-Wallis analysis (SAS) was conducted in order to test for within-sex het-FIG.1.-The 20 population samples used for comparative purposes within G. liocephalus sensu lato. The currently recognized subspecies are as follows: infernalis = samples 1-6, loweryi = sample 7 , ophiurus = sample 8, liocephalus = samples 9-15, austrinus = sample 16, taylori = sample 17. Isolated samples 18-20 have not been identified to subspecies, although Smith (1984) suggested that sample 19 should be accorded distinct subspecies status.
erogeneity among the population samples 0.05) in all pairwise comparisons for those for each of the 10 morphometric charac-characters showing significant heterogeters. I wrote a computer program to con-neity. duct post hoc tests for significance (P r Phylogenetic analysis was conducted us- ing the PAUP computer package (Swofford, 1991) . Characters were polarized using the clade containing Elgaria, Barisia, Mesaspis, and Abronia as the first outgroup (Good, 19881 , Coloptychon as the second (Good, 1988) , and the Diploglossinae and Anguinae as subsequent outgroups (Gauthier, 1982; Good, 1988) . Polarity was determined using the global parsimony approach of Maddison et al. (1984) . All of the possible phylogenies were examined for length using the PAUP exhaustive search algorithm.
For this study, specimens were segregated into 20 population samples as illustrated in Fig. 1 .These samples were chosen in order to maximize number of specimens per unit area, but also so that no sample crossed currently recognized subspecies boundaries. The populations incorporated in these samples are referenced in Appendix I. Grouping localities was done because, in all but a very few instances, too few specimens were available from single localities to allow analyses of variance to be calculated. Unfortunately, specimens from some areas are so rare that some of the samples necessarily contain very few specimens. Sample sizes for each of the analyses below vary because not all characters were discernible on all specimens.
Scale Characters
Contact of the nasal with the supralabia1s.-Cope (1900) austrinus from all other Gerrhonotus (Hartweg and Tihen, 1946) . Supranasals were present in all specimens examined except the holotype of austrinus, in which they are fused with the posterior internasals.
Canthal/loreal series.-The condition of the canthals and loreals has been often cited as differentiating the subspecies of Gerrhonotus. The subspecies infernalis, loweryi, and ophiurus are generally thought to have a four-or five-scale pattern (two canthals, two or three loreals, and no cantholoreal; Fig. 2a ) and liocephalus and austrinus to have a three-scale pattern (an anterior canthal, an anterior loreal, and a posterior cantholoreal; Fig. 2b ). The relative frequencies of the three-scale pattern among the population samples illustrated in Fig. 1are as follows: infernalis: sample 1 = 0, sample 2 = 0, sample 3 = 0, sample 4 = 0.06 (one specimen), sample 5 = 0.10 (two specimens), sample 6 = 0.06 (one specimen); loweryi: sample 7 = 0.09 (three specimens); ophiurus: sample 8 = 0.08 (one specimen); liocephalus: sample 9 = 1.00, sample 10 = 1.00, sample 11 = 1.00, sample 12 = 0.95 (all but four specimens), sample 13 = 1.00, sample 14 = 1.00, sample 15 = 1.00; austrinus: sample 16 = 1.00; taylori: sample 17 = 0; other western isolates: sample 18 = 0, sample 19 = 1.00, and sample 20 = 0.67 (two specimens).
Supralabial number.-Tihen (1948) reported that liocephalus has fewer supralabial scales than infernalis, loweryi, or ophiurus. The distribution of supralabial counts for the 20 population samples in Fig. 1is illustrated in Fig. 3 .ANOVA demonstrated that there is significant heterogeneity among the population samples and that sample 9 is significantly different (P < 0.05) from samples 1, 2 and 8; sample 11 is significantly different from samples 1 and 4-8; sample 12 is significantly different from samples 1-8; and sample 13is significantly different from samples 1, 2, 4-6, and 8 (Scheffi: F-test). Although no other pairs of population groups show significant differences, liocephalus in general appears to have fewer supralabials than do infernalis, loweryi, or ophiurus, and there appears to be a cline in this character within liocephalus such that supralabial number increases from northwest to southeast. It is particularly noteworthy that liocephalus samples 9 and 12 are significantly different from ophiurus sample 8 although they are in close geographic proximity to it; this is probably also true of liocephalus sample 10 (see Fig. 3 ), but small sample size precludes statistical verification. Among the small isolated populations, austrinus (sample 16) and sample 19 appear to have the liocephalus pattern, while taylori (sample 17), sample 18, and sample 20 appear to have the infernalis/loweryi/ ophiurus pattern. However, none of these determinations are statistically significant.
Frontonasal shape and contact.-Hartweg and Tihen (1946) suggested that a frontonasal that is longer than it is broad is diagnostic of austrinus. This is incorrect: long frontonasals, though uncommon, occur in several populations. In the present analysis, such frontonasals were seen in 18 specimens from sample 1(16%), two specimens from sample 5 (17%), and two specimens from sample 7 (6%). The presence of a long frontonasal is fairly well, though not strictly, correlated with contact between the frontonasal and the frontal, separating the prefrontals. This condition is seen occasionally in samples 1, 2, and 7, being particularly common in sample 1 (28% of specimens examined).
Frontal-interparietal contact.-Lack of contact between the frontal and interparietal was listed by Hartweg and Tihen (1946) as diagnostic of austrinus. In the present analysis, lack of contact was found also in one specimen each from samples 7 (3%), 8 (9%), 19 (33%), the single specimen from sample 18 (loo%), two specimens from sample 6 (14%), six specimens from sample 1 (5%), and 11 specimens from sample 2 (15% Contact of the second primary temporal with the posterior supraocular.- Hartweg and Tihen (1946) listed this contact as a character of austrinus diff erentiating it from liocephalus. Tihen (1948) stated that loweryi is similar to austrinus in this regard and that all other taxa usually lack such contact. In the present analysis, contact was seen in at least a few specimens in most population groups. The percentages observed were: infernalis: sample 1 = 68, sample 2 = 57, sample 3 = 61, sample 4 = 74, sample 5 = 46, sample 6 = 13; loweryi: sample 7 = 92; ophiurus: sample 8 = 33; liocephalus:sample 9 = 25, sample 10 = 0, sample 11 = 31, sample 12 = 5, sample 13 = 0, sample 14 = 50, sample 15 = 0; austrinus: sample 16 = 0; taylori: sample 17 = 50; other western isolates: sample 18 = 50, sample 19 = 17, sample 20 = 50.
In addition, Martin (1958) reported contact in all six of the specimens he examined from the G6mez Farias region of southern Tamaulipas (sample 5). These specimens were not available for the present study.
Transverse dorsal scale row number.- Hartweg and Tihen (1946) suggested that austrinus has fewer dorsal scale rows than does liocephalus. Tihen (1948) the granular lateral fold scales) are variable in size. In some specimens there are 14 rows of full-sized scales with no reduced scales flanking them, in others reduced flanking scales are present, while in still others these scales are as large as any dorsal. In the latter case, 16 longitudinal rows of dorsals are present. Sixteen rows of dorsals or 14 rows with reduced lateral dorsals at least half the size of other dorsals are universally seen in population samples 1-8 (infernalis, loweryi, and ophiurus), the single liocephalus specimen from sample 10, sample 17 (taylori), and the western isolates samples 18-20. Fourteen longitudinal rows or 14 with reduced laterals less than half the size of the other dorsals are seen in liocephalus samples 9, 14, and 15, and austrinus sample 16. Most of the specimens of liocephalus from samples 11-13 are of the latter type, but some specimens (20%, 28%, and 22%, respectively) are of the former.
Longitudinal ventral scale row number.-Tihen (1954) pointed out that taylori has 14 longitudinal ventral scale rows while most other populations have 12. In this analysis, 14 rows were found also in both specimens of sample 18, 60% of the specimens from sample 4,29% of the specimens from both samples 5 and 6, and a single specimen (ca. 1.5%) from sample 2. Sample 18 is a western isolate; the other samples are infernalis.
Caudal tail whorl number. -Tihen (1948) suggested that loweryi has more scale whorls in the tail than does infernalis. Very few tails were intact and unregenerated among the specimens examined. Tail whorl number is unknown for eight of the 20 population samples. The distribution of tail whorl numbers among the other 12 is illustrated in Fig. 5 . ANOVA and Scheffi: F-tests show that samples 1-4 are significantly different from samples 7-12. No other significant differences were observed. There appear to be fewer tail whorls in infernalis than in loweryi, ophiurus, and liocephalus. Population sample 20 also appears to have the latter type, although this is not statistically significant. Color Pattern Color pattern varies geographically in Gerrhonotus (Fig. 6) . In adults from liocephalus samples 9-15, the dorsum is either an immaculate light tan or has scattered darker brown scales. The venter and lower surface of the tail are lighter, immaculate or with scattered darker scales in the lateral-most one or two rows. There are 10-12 very prominent dark bars, 1 or 2 dorsal scales in width, in the lateral fold that contrast strongly with the immaculate or nearly immaculate dorsum and venter. The limbs, head, and dorsal surface of the tail are similar to the dorsum in color except that the lips are lighter than the rest of the head, approaching the venter in color. There is often a dark line running posteroventrally from the eye separating the light lip and darker temporal areas. This line is prominent in smaller specimens and fades as the specimens get larger; it is, however, still found in some relatively large individuals. Occasionally, specimens from samples 9, 11, and 12 show 10 or 11 irregular dorsal crossbands consisting of a white band one scale wide flanked by scattered dark scales; these dark scales are reminiscent of the scattered dark scales sometimes seen in the absence of light crossbands (see above). Samples 13,14, and 15 differ somewhat from other liocephalus in that thev often show 10 or 11 faint dorsal crossband;, but these bands rarely contain white scales. The lateral fold bars in these southern specimens are also often less prominent than those in other liocephalus.
The color pattern of infernulis differs from that of liocephalus in several ways. There are usuallv 7 or 8 fairlv ~rominent irregular dorsal 'crossbands doAsisting of white markings one scale in width or less flanked by darker scales. The venter is usually distinctly mottled rather than immaculate. There are no bars in the lateral fold. The dark temporal line seen in many liocephalus is present only in young specimens of infernalis. This color pattern is characteristic of samples 1-6. Although this is the general color pattern of infernalis, there is substantial individual variation. The patterning of both the dorsal and ventral surfaces can sometimes be lost almost entirely. This condition appears in many specimens in samples 2 and 3, as well as occasionally in other areas. In the vicinity of Cuatro Cihnegas, Coahuila (within sample 4), some specimens show a pattern in which the medial portion of each dorsal crossband is eliminated, although the crossbands are still visible along the flanks. The mottled venter is sometimes replaced by heavy spotting in these specimens.
Specimens of loweryi (sample 7) and ophiurus (sample 8) are similar in color pattern to the occasional specimens of liocephalus that show dorsal crossbands. There are 10 or 11 such bands, with an irregular white band flanked by darker scales. The lateral fold bars are prominent. The subspecies ophiurus differs from other Gerrhonotus, however, in that the dorsal crossbands extend onto the lateral three or four scale rows of the venter. As in some specimens of infernalis (see above), color pattern is subdued in much of the type series of loweryi.
Color pattern variation among the disjunct populations in western Mexico is unclear because of the small number of specimens available for study. KU 78904 from southern Sinaloa (sample 19) is most similar to ophiurus in that it has ten irregular dorsal crossbands consisting of both light and dark scales, which extend onto the lateral scales of the otherwise immaculate venter. MVZ 197549 from Colima and CM 65825 and MVZ 205566 from southwestern Jalisco (all sample 20) are similar to the Sinaloan specimen except that each has 7-9 dorsal crossbands that do not extend onto the venter (hence the venter is immaculate as in liocephalus). In the Coliman specimen, the dorsal crossbands are visible only on the flanks, reminiscent of the dorsal pattern seen in some infernalis from Cuatro Ciknegas, Coahuila. There is some tendency toward obscure longitudinal ventral stripes in all of the Jaliscan and Coliman specimens. The only three known specimens from Durango appear to be of two different types. The two UTEP specimens (4562 and 4563) from Municipios Durango and El Salto (sample 19) appear to be fairly similar to the specimens from Sinaloa discussed above, except that the crossbands do not extend onto the venter. TCWC 35499 from the eastern face of the Sierra Madre Occidental southwest of Torre6n (sample 18) has no pattern on either the dorsum or the venter.
Too few specimens were available to allow for detailed observations of geographic variation of juvenile color pattern. However, the few specimens available suggest major differences. Neonate infernalis from Texas (samples 1 and 2) have a dorsal ground color of dark brown with 7 or 8 very prominent light crossbands creating a striking banded appearance. The crossbands extend onto the lateral scale rows of the much lighter venter, the remainder of which is heavily speckled and/or mottled. The arms and legs are also mottled. The top of the head is much lighter than the dark dorsal ground color, which extends onto the sides of the head as far anterior as the nasal. The lips are lighter, similar to the venter in color. This pattern is also seen in taylori; the differences cited by Tihen (1954) (see above) are well within the range of variation in infernalis. The only other small juvenile infernalis examined were from central Nuevo Le6n. They were similar, except the top of the head was darker. Only two neonate liocephalus were available, and they differ markedly from infernalis. The striking crossbands of infernalis are entirely lacking. Instead, the dorsal coloration consists of a broad brown dorsal stripe between dark flanks. The head is marked with a dark stripe similar to that seen in infernalis. The venter has longitudinal stripes along its margins and is otherwise immaculate. The holotype of austrinus is also a small juvenile which shows no hint of the prominent crossbands seen in infernalis. No small specimens of the other forms of Gerrhonotus were available.
Morphometric Variation
Only two morphometric characters have been discussed in previous analyses of Gerrhonotus systematics: Cope (1866 Cope ( , 1900 suggested that ophiurus has a greater distance between adpressed limbs than the other forms, and Cope (1866 Cope ( , 1900 and Tihen (1948) the subspecies in tail length. In the present analysis, 10 morphometric characters (SVL, tail length, trunk length, trunk width, head length, head width, snout length, arm length, leg length, and longest hind toe length) were measured in each of the specimens examined. Figure 7 illustrates the first three axes for adult males resulting from the principal components analysis described above; the pattern for adult females is similar. The first axis explains 63% of the variation, the second 12%, and the third 10% (totalling 85%). The population samples in Fig.  1are not clearly distinguishable on any of these three axes except samples 7 and 8 (loweryi and ophiurus, respectively), which are indistinguishable from each other but showed relatively high scores on principal component 2. Loadings on all eight principal components are listed in Table 2 .
Head length, head width, and trunk width load particularly heavily on component 2.
Univariate analysis of each character adjusted for SVL was more informative. All of the characters were significantly heterogeneous (P < 0.02) within both sexes.
The significant comparisons in the post hoc tests involve only population samples 1, 2, 3, 4, 6, 7, 8, 11, 12, and 13 ; all pairwise comparisons among the other eight samples that contain adult specimens are not significant. However, all of these other groups contain at most three specimens of each sex, and in at least some cases lack of significance is likely a result of insufficient sample sizes rather than similarities in character states.
Among the differences that are significant at P 5 0.05, only two occur within a single taxon: within infernalis, females in sample 6 (the southernmost sample) have significantly longer heads than those in samples 1 and 2 (the two northernmost samples), although the ranges of the latter two overlap that of the former considerably. All other significantly different comparisons are between samples in different taxa as follows: There are no significant differences between loweryi and ophiurus (samples 7 and 8) in any of the nine characters.
Not surprisingly, most of the significant differences between loweryi (sample 7) and populations of infernalis (samples 1-6) involve samples 1 and 2 , which contain far more specimens than any other sample (see Appendix I). Significant differences between loweryi and these two groups include male and female trunk width (wider in infernalis) and female snout length (longer in infernalis). There is no indication from the material available that loweryi differs from all infernalis samples in these characters; female snout length may even show a cline within infernalis such that populations geographically closest to loweryi are also most similar to loweryi, although, because sample sizes do not allow for the identification of significant differences within infernalis, this cannot be determined with statistical certainty. Samples 3 and 4 in infernalis also differ from loweryi in male head length, but again there is no indication that loweryi differs from all infernalis in this character, especially in view of the fact that it does not differ from the larger samples 1 and 2. Perhaps the most significant morphometric difference between infernalis and loweryi is the difference between loweryi and infernalis sample 6 in female head width (wider in sample 6). Sample 6 is the only infernalis sample that differs from loweryi in this character, and it is geographically the closest sample to it. The significant differences between sample 6 and samples 1 and 2 in this character (see above) suggest that there may be a cline within infernalis such that populations become less loweryi-like the closer they approach loweryi geographically (Fig. 8) .
Female head width is also the only character that differentiates any infernalis population from ophiurus (sample 8). Females of ophiurus, which are indistinguishable from loweryi (sample 7) in this character, have narrower heads than do those in sample 6 (Fig. 8) .
Population sample 12 contains far more specimens than any of the other samples in liocephalus,and, as with infernalis samples 1 and 2, most of the significant differences between liocephalus and other taxa involve this group. Sample 7 (loweryi) differs from sample 12 in female trunk length, and trunk width, arm length, leg length, and toe length in both sexes. Both sexes in ophiurus (sample 8) also differ from sample 12 in arm, leg, and toe lengths (sample 8 is also significantly different from liocephalus sample 11in male arm length and female leg length). No clear trends are indicated in trunk length or width, but the patterns in Fig. 8 suggest that both sexes in all liocephalus population groups probably have shorter limbs than do loweryi and ophiurus. It should be noted that, except for sample 9 which contains only one male and three females and hence is unlikely to show significant differences from any other sample, sample 12 is geographically the closest population to sample 8.
Several characters significantly distinguish infernalis populations from liocephalus populations as follows: male trunk length (samples 1, 2, 4 vs. 12; 4 vs. 11), female trunk length (2 vs. 12), female head length (2 vs. 12), female head width (6 vs. 13), male snout length (1, 2 , 3 , 4 vs. 12; 1, 2, 4 vs. 13), female snout length (4 vs. 12), arm length in both sexes (1,2 vs. 12), male leg length (1, 4 vs. 12) female leg length (1, 2 vs. 12), male toe length (1,6 vs. 12), and female toe length (1, 2 vs. 12). Again, most, though not all, of the significant comparisons involve the samples with the largest sample sizes, infernalis samples 1 and 2 and liocephalus sample 12. There is no indication of an overall difference between infernalis and liocephalus in trunk length, head length, head width, or snout
length, but limb length generally appears to be less in liocephalus than in infernalis (Fig. 8) .
The western isolate population samples 17-20 each contain at most three specimens and as a result no statistical differences were seen in any character when these groups were compared with other Gerrhonotus populations.
The recent resurgence of interest in species concepts has resulted in the segregation of systematists into a number of theoretical camps (reviewed recently by Cracraft [1989] , Frost and Hillis [1990] , McKitrick and Zink [1988] and Templeton [1989] . The most prominent of these camps include proponents of the biological species concept (BSC), the phylogenetic species concept (PSC), and the evolutionary species concept (ESC). Despite the extensive and sometimes polemical theoretical discussions emanating from these camps regarding how species should and should not be defined, species in Gerrhonotus (as in many, if not most, other taxa) continue to be delimited operationally without regard to any of them. Instead, the operational definition for Gerrhonotus species uses what might be termed an "inertial species concept" in which species limits are set solely by historical precedence: the taxa austrinus, infernalis, liocephalus, loweryi, ophiurus, and taylori are treated as conspecific because herpetologists are used to them being conspecific, and not because the evidence for or against conspecificity has been rigorously examined.
A "biological" species is a "group of interbreeding natural populations that [is] reproductively isolated from other such groups" (Mayr, 1969) . An "evolutionary" species is "a single lineage of ancestraldescendant populations which maintains its identity from other such lineages and which has its own evolutionary tendencies and historical fate" (Wiley, 1978) . A "phylogenetic" species is "the smallest diagnosable cluster of individual organisms within which there is a parental pattern of ancestry and descent" (Cracraft, 1983) . In the absence of direct knowledge of gene flow or of the history or future of population divergence, the evidence available for estimating conspecificity among contiguous populations is similar regardless of which of these species concepts is followed. One should expect clinal patterns of character distribution and/or overlapping character state distributions within groups of populations that are "interbreeding," within groups of populations that are members of a lineage with a common set of "evolutionary tendencies and historical fate," or within groups of populations that are members of a "smallest diamosable
cluster." Alternatively, if species divergences are old enough, coincident breaks in the distributions of multiple characters should be seen among species because they are not interbreeding (i.e., not sharing genes), they are on separate evolutionary trajectories, or they are members of distinct diagnosable clusters.
There are no discernable breaks in character distribution within any of the six currently recognized subspecies of "G. liocephalus," suggesting that none of them consists of multiple species, although both infernalis and liocephalus show geographic differentiation in some characters. Similarly, loweryi and ophiurus are indistinguishable from each other, suggesting that they should not be recognized as distinct taxa. The taxa austrinus and taylori are known from very few specimens (one and two, respectively), so levels of within-group variation are uninformative.
Of the four characters cited by Hartweg Tihen (1954) listed a high number of longitudinal dorsals and juvenile color pattern as characters distinguishing taylori from infernalis. The taylori condition in both of these characters is within the range of variation in infernalis, and the two therefore should not be recognized as distinct taxa.
On the other hand, sample 6 (infernalis) differs from nearby sample 7 (loweryi) in transverse dorsal number, tail whorl number, dorsal crossbar number, ventral color pattern, the presence of lateral fold bars, and female head width, and sample 8 (ophiurus)differs from nearby samples 9, 10, and 12 (liocephalus) in canthal/loreal number, supralabial number, preocular number, longitudinal dorsal number, ventral pattern (usually), and limb length. In all of these characters, intra-taxon variation is either clinal or nonexistent.
None of these taxa are sympatric. Nor are the populations in question strictly parapatric (samples 6 and 7 are approximately 120 km apart and samples 8 and 9 are approximately 30 km apart), so it is possible that clines occur in all of the diagnostic characters. However, this seems unlikely in view of the broad areas of uniformity relative to the few kilometers between the populations in question. The coincident breaks in the distributions of six relatively independent characters in each case provides circumstantial evidence that multiple species are involved. In the face of a complete lack of evidence for conspecificity, the best working hypothesis therefore is that infernalisltaylori, ophiurus/loweryi, and liocephalus/austrinus are distinct biological, evolutionary, and/or phylogenetic species (G, infernalis, G. ophiurus, and G , liocephalus, respectively; Fig. 9) 1970), is also included. It is the only other Fig. 10 . Of the 12 characters in this analmember of the genus Gerrhonotus and its ysis, only one is homoplastic aside from status as a species distinct from the sym-those contributing to the trichotomy of G. patric G. infernalis has not been seriously liocephalus, sample 19, and sample 20: a questioned (although see Morafka, 1977) . low number of transverse dorsal scales ocCladistic (sensu Hennig, 1966) analysis curs in parallel in G. infernalis and in samyields two most parsimonious trees, the ples 19 and 20. strict consensus of which is illustrated in Smith (1984) suggested that the western Mexican populations should be recognized provided no explicit reasons for combining as a distinct subspecies within "G. lioceph-them. This arrangement has been essenalus" (sensu lato), although he did not name tially unquestioned since Bocourt's time. it. Fig. 10 suggests a relationship of these The most detailed re-examination of the populations (samples 19 and 20) to G. lio-problem was by Tihen (1948) who concephalus (sensu stricto) on the basis of can-curred that cons~ecificitv was the best arthallloreal number and preocular num-rangement. This was because. as discussed ber. On the other hand, samples 19 and abGe, Tihen considered thk subspecies 20 differ from that taxon and from each loweryi to be morphologically intermediother in several characters. It is impossible ate between infernalis and ophiurus on to determine with any certainty whether, the one hand and liocenhalus and austrion examination of further specimens, these nus on the other. He also considered G. populations will prove to be conspecific with G. liocephalus or to represent one or more distinct species. The best working hypothesis given the current state of knowledge of the distribution and variation in Gerrhonotus in western Mexico therefore is to tentatively assign them to G. liocephalus, but with the appropriate caveat.
Interestingly, Fig. 10 also suggests that "G. liocephalus" as recognized prior to this paper is paraphyletic: G. lugoi appears to be more closely related to the sympatric G. infernalis than G. infernalis is to G. ophiurus or G. liocephalus. This, however, is based on the single synapomorphy of a reduction in tail whorl number. number of specimens than were available to Tihen demonstrates that both of these conclusions were incorrect. Tihen cited tail length, number of transverse dorsal scale whorls, and number of caudal scale whorls as characters in which loweryi agreed with liocephalus rather than with infernalisand ophiurus: in fact loweryi is indistinguishable from ophiurus in all of these characters. In addition, none of the characters Tihen listed as varying clinally from north to south in infernalis and ophiurus (tail length, caudal scale whorl number, dorsal crossband number, and ventral coloration) in fact can be shown to vary clinally.
Contreras Arquieta (1989) suggested that specimens from the Cuatro Ciknegas basin of Coahuila should be accorded subspecies status within " G , liocephalus" (sensu lato) because they have a cantholoreal scale and a distinctive color pattern. He coined the name aguayoi. Some (but not all) of the specimens from central Coahuila examined in the present study had a color pattern (see above) reminiscent of the brief description provided by Contreras Arquieta, but all of these had a canthal/loreal condition characteristic of G. infernalis.
Without a more detailed examination of specimens from the Cuatro Ciknegas area, there does not appear to be sufficient evidence to warrant taxonomic recognition of agua yoi.
Further collecting will undoubtedly clarify relationships among populations of Gerrhonotus. However, the specimens available for this study suggest that the genus contains at least four species: G . lugoi, G ,infernalis, G. ophiurus, and G. liocephalus. Western Mexican populations may or may not constitute additional species. Although there is no absolute evidence (such as a test of sympatry) of the genetic or evolutionary independence of these taxa, character distribution patterns suggest that they do not exchange genes and are on separate evolutionary trajectories. Therefore a multiple-species system is the best working hypothesis. No se reconoce ninguna subespecies dentro de 10s especies. Algunas poblaciones del oeste de Mkxico (Colima, Durango, Jalisco, y Sinaloa) siguen con una identidad insegura, per0 provisionalmente se emergen como G. cf, liocephalus. Evidencia para esta conclusi6n es apoyada por medio de un andisis del diseiio de las escamas, coloraci6n y variaci6n morfomktrica. Tambikn, se presenta una discuci6n de la historia taxon6mica del gknero Gerrhonotus. 
